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1
MULTILAYERED BODY FOR MEDICAL
CONTAINERS AND MEDICAL CONTAINER

TECHNICAL FIELD

The present invention relates to a multilayered body for
medical containers, and a medical container having a holding
portion for a medical fluid formed from the multilayered body
for medical containers.

BACKGROUND ART

Examples of medical containers formed from resins that
are used in the medical field include ampules, vials, syringes,
and infusion bags made from films. Further, examples of
these resins include polyolefins such as polyethylene and
polypropylene, as well as styrene-based elastomers, vinyl
chloride resins, ethylene-vinyl acetate copolymers and cyclic
polyolefins.

Of these resins, polyethylene exhibits excellent sanitary
properties, is flexible, and generates no toxic gases when
incinerated, and is consequently widely used for medical
containers. However, if polyethylene is used for the portion
within the medical container that makes contact with the
medical fluid, then it is known that the polyethylene within
the medical fluid can adsorb certain medications such as
lipophilic vitamins, resulting in a reduction in the concentra-
tion of those medications during storage.

As a result, cyclic polyolefins, which are capable of sup-
pressing any reduction in the titer of a specific medication
caused by adsorption or absorption of that medication, exhibit
excellent properties of transparency, heat resistance and sani-
tation, and also provide superior barrier properties including
a low water vapor transmission rate, are becoming increas-
ingly widely used as a material for medical containers. One
example of a medical container that uses a cyclic polyolefin is
a pre-filled syringe, in which the syringe chamber is filled in
advance with a medication, and such pre-filled syringes are
becoming widespread.

Further, Patent Document 1 discloses a medical container
having a multilayered structure in which a cyclic polyolefin
layer formed from a thermoplastic saturated norbornene-
based polymer is combined with a synthetic resin layer and/or
a barrier layer or the like.

Patent Document 2 discloses a medical container formed
from a multilayered film having a surface layer, a flexible
layer, a barrier layer and a sealing layer, wherein a cyclic
polyolefin and an ethylene-a-olefin copolymer are used for
the barrier layer, and an ethylene-a-olefin copolymer is used
as the main component of the other layers.

Patent Document 3 discloses a laminated film in which a
layer B composed of a linear low-density polyethylene hav-
ing a specific melting point and Vicat softening point is lami-
nated to either one surface or both surfaces of a layer A
composed of a resin such as a cyclic polyolefin, and also
discloses a medical container that uses this laminated film.

Moreover, Patent Document 4 discloses a medical con-
tainer that uses a laminated film prepared by laminating a
sealant layer containing a cyclic polyolefin-based resin with a
specific glass transition temperature as the main component
to a substrate layer containing a polyolefin-based resin with a
specific melting point as the main component.

[Patent Document 1]

Japanese Patent (Granted) Publication No. 3,227,709

[Patent Document 2]

International Patent Publication 03/097355 pamphlet
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[Patent Document 3]

Japanese Unexamined Patent Application, First Publica-
tion No. 2004-167800

[Patent Document 4]

Japanese Unexamined Patent Application, First Publica-
tion No. 2005-254508

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

However, as disclosed in paragraph 0027 of Patent Docu-
ment 1 and paragraph 0004 of Patent Document 2, cyclic
polyolefins suffer from poor adhesiveness. Accordingly, dur-
ing production of the multilayered film described in Patent
Document 1, the conditions require that an adhesive must be
used when laminating the cyclic polyolefin layer to the other
layers. However, in a multilayered film that uses an adhesive,
there is a possibility that components derived from the adhe-
sive may bleed out of the film. Consequently, the use of this
type of multilayered film in medical containers, and particu-
larly for the inside layers that are close to the medical fluid, is
undesirable from a sanitation perspective.

In the technology disclosed in Patent Document 2, the
cyclic polyolefin is mixed with an ethylene-a-olefin copoly-
mer to improve the adhesiveness of the cyclic polyolefin and
this mixture is used to form the bather layer. However, this
mixing with an ethylene-a-olefin copolymer causes a dete-
rioration in the barrier properties of the barrier layer, and there
is a possibility that the medication may be absorbed right
through to the layer adjacent to the bather layer. Further, if the
barrier layer is thickened in an attempt to improve the bather
properties, then a problem arises in that the increased thick-
ness causes an associated loss in flexibility.

Further, the heat resistance of the medical containers dis-
closed in Patent Documents 3 and 4 is inadequate, and these
materials are unsuitable for medical containers that require
sterilization treatment using high-pressure steam or the like.
Furthermore, the laminated films disclosed in Patent Docu-
ments 3 and 4 also tend to suffer from inferior blocking
resistance.

The present invention has been developed in light of the
circumstances described above, and has an object of provid-
ing a multilayered body for medical containers, in which an
innermost layer formed from a cyclic polyolefin exhibits
favorable adhesion to another layer without using an adhe-
sive, which exhibits excellent heat resistance, and which pro-
vides favorable blocking resistance when formed as a film, as
well as providing a medical container formed from this mul-
tilayered body for medical containers, which suffers minimal
deterioration in properties such as transparency and peel
strength even when subjected to sterilization with high-pres-
sure steam or the like.

Means to Solve the Problems

A multilayered body for medical containers according to
the present invention is used in forming a medical container,
and includes at least an innermost layer composed of a cyclic
polyolefin, an intermediate layer which is formed adjacently
to the innermost layer and contains, as the main component,
a linear low-density polyethylene produced using a single-
site catalyst, and an outermost layer that contains a high-
density polyethylene.

The cyclic polyolefin is preferably a hydrogenated product
of a ring-opening polymer of a cyclic olefin monomer.
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The density of the linear low-density polyethylene is pret-
erably not less than 0.860 g/cm® but less than 0.940 g/cm>.

The density of the high-density polyethylene is preferably
within a range from 0.940 to 0.970 g/cm®.

The outermost layer is preferably either a mixture of the
high-density polyethylene and a high-pressure low-density
polyethylene, or composed solely of the high-density poly-
ethylene.

The multilayered body for medical containers according to
the present invention preferably has a total thickness within a
range from 60 to 1,000 pm, composed of three layers of the
innermost layer with a thickness of 5 to 100 um, the interme-
diate layer, and the outermost layer with a thickness of 5 to
100 um.

A medical container according to the present invention
includes a holding portion for holding a medical fluid,
wherein at least the holding portion is formed from the afore-
mentioned multilayered body for medical containers.

In this case, the multilayered body for medical containers
may be a blow-molded body. Further, the multilayered body
for medical containers may be a film, and the holding portion
may be prepared by hot-plate molding of the film, or may be
formed in the shape of a bag.

Effect of the Invention

The present invention is able to provide a multilayered
body for medical containers, in which an innermost layer
formed from a cyclic polyolefin exhibits favorable adhesion
to another layer without using an adhesive, which exhibits
excellent heat resistance, and which provides favorable
blocking resistance when formed as a film, and also provide a
medical container formed from this multilayered body for
medical containers, which suffers minimal deterioration in
properties such as transparency and peel strength even when
subjected to sterilization with high-pressure steam or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating one example of
a multilayered body of the present invention.

FIG. 2(A) is a plan view illustrating one example of a
medical container of the present invention, and FIG. 2(B)is a
cross-sectional view along the line I-I' in FIG. 2(A).

FIG. 3(A) is a plan view illustrating another example of a
medical container of the present invention, and FIG. 3(B)is a
plan view illustrating another example of the port section.

FIG. 4(A) is a front view and FIG. 4(B) is a side view of a
film molded article used in producing the medical container
illustrated in FIG. 3.

FIG. 5 is a plan view illustrating yet another example of a
medical container of the present invention.

FIG. 6 is a plan view illustrating a multiple-chamber medi-
cal container that represents one example of a medical con-
tainer of the present invention.

FIG. 7(A) is a schematic illustration describing a peel test
used in the examples, and FIG. 7(B) is a plan view describing
a method of preparing a sample for use within FIG. 7(A).

DESCRIPTION OF THE REFERENCE SYMBOLS

10 Multilayered body
11 Innermost layer
12 Intermediate layer
13 Outermost layer
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20, 30, 40 Medical container
50 Multiple-chamber medical container

BEST MODE FOR CARRYING OUT THE
INVENTION

A more detailed description of the present invention is
presented below.

A multilayered body for medical containers according to
the present invention is used in the formation of a medical
container, and is particularly useful in forming the holding
portion that holds a medical fluid within the medical con-
tainer. The multilayered body includes at least an innermost
layer composed of a cyclic polyolefin, an intermediate layer
which is formed adjacently to the innermost layer and con-
tains, as the main component, a linear low-density polyeth-
ylene produced using a single-site catalyst, and an outermost
layer that contains a high-density polyethylene.

FIG. 1 is a diagram illustrating a multilayered body for
medical containers (hereafter simply referred to as a “multi-
layered body”) 10 that represents one example of the present
invention.

The multilayered body 10 of this example is a three-layered
structure prepared by laminating following order, an inner-
most layer 11 composed of a cyclic polyolefin, an intermedi-
ate layer 12 that contains, as the main component, a linear
low-density polyethylene produced using a single-site cata-
lyst, and an outermost layer 13 that contains a high-density
polyethylene, and is formed as a film using an air-cooling or
water-cooling multilayer inflation molding method, or a mul-
tilayer T-die molding method or the like. In the present inven-
tion, films and sheets are both referred to using the generic
term “film”.

The innermost layer 11 becomes the inside surface when a
medical container is formed from the multilayered body 10,
and therefore makes direct contact with the medical fluid
contained inside the medical container. The innermost layer
11 is formed from a cyclic polyolefin.

Cyclic polyolefins exhibit minimal adsorption or absorp-
tion of medications, and by forming a medical container from
the multilayered body 10 so that a layer composed of a cyclic
polyolefin functions as the innermost layer 11, reductions in
the titer of the medical fluid contained within the medical
container can be suppressed. Further, cyclic polyolefins
exhibit superior barrier properties including a low water
vapor transmission rat; and also exhibit excellent sanitation,
with extremely little elution of impurities, and these proper-
ties also make cyclic polyolefins ideal as the innermost layer
11. Moreover, cyclic polyolefins also have favorable heat
resistance and transparency, and both these properties are
ideal for use within medical containers, which must undergo
sterilization using high-pressure steam or the like, and are
preferably transparent so that the contents of the container
can be confirmed visually from externally.

Examples of the cyclic polyolefin include ring-opening
polymers of cyclic olefin monomers and hydrogenated prod-
ucts of such ring-opening polymers, addition polymers of
cyclic olefin monomers, and addition copolymers of a cyclic
olefin monomer and another monomer that is copolymeriz-
able with the cyclic olefin monomer. Ofthese, a hydrogenated
product of a ring-opening polymer of a cyclic olefin monomer
is preferred in terms of the heat resistance and mechanical
strength and the like. Further, in terms of obtaining a polymer
having low adsorption properties, the use of a solely hydro-
carbon cyclic olefin monomer is preferred.

Although there are no particular limitations on the cyclic
olefin monomer, typical examples include norbornene-based
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monomers and monocyclic olefin monomers. A norbornene-
based monomer is a monomer having a unit derived from a
norbornene structure within the monomer structure, and spe-
cific examples include bicyclo[2.2.1]hept-2-ene (trivial
name: norbornene),  tricyclo[4.3.0.1%°]deca-3,7-diene
(trivial name: dicyclopentadiene), 7,8-benzotricyclo
[4.3.0.1>”]deca-3-ene (trivial name: methanotetrahydrofiuo-
rene), and tetracyclo[4.4.0.1>°.17'°]dodeca-3-ene (trivial
name: tetracyclododecene). Further, these norbornene-based
monomers may have a hydrocarbon group of 1 to 3 carbon
atoms. Specific examples of the monocyclic olefin monomers
include cyclohexene, cycloheptene and cyclooctene. These
cyclic olefin monomers may be used individually, or two or
more types of cyclic olefin monomers may be used in com-
bination.

A ring-opening polymer of the cyclic olefin monomer is
obtained by polymerizing the cyclic olefin monomer by a
metathesis reaction in the presence of a known ring-opening
polymerization catalyst. Further, a hydrogenated product of a
ring-opening polymer of the cyclic olefin monomer is
obtained by hydrogenating the ring-opening polymer using a
known hydrogenation catalyst.

Example of other monomers that are capable of addition
copolymerization with the cyclic olefin monomer include
a-olefins of 2 to 20 carbon atoms such as ethylene, propylene,
1-butene and 1-hexene. Any of these a-olefins may be used
individually, or two or more types of ci-olefins may be used in
combination. The addition (co)polymers of the cyclic olefin
monomer can be obtained by performing a polymerization
using a conventional catalyst composed of a titanium or zir-
conium compound and an organic aluminum compound.

Of the various cyclic polyolefins available commercially,
examples of addition (co)polymers of cyclic olefin monomers
include the products APEL (a registered trademark) manu-
factured by Mitsui Chemicals, Inc., and TOPAS (a registered
trademark) manufactured by Ticona GmbH, whereas
examples of hydrogenated products of ring-opening poly-
mers of cyclic olefin monomers include the products
ZEONOR (a registered trademark) and ZEONEX (a regis-
tered trademark) manufactured by Zeon Corporation.

The glass transition temperature (hereafter also abbrevi-
ated as Tg) of the cyclic polyolefin is preferably within a
range from 70 to 180° C., and more preferably from 100 to
140° C. If the Tg is less than 70° C., then the heat resistance
of'a medical container formed from the multilayered body 10
tends to decrease, and the medical container may not be
suitable for sterilization using high-pressure steam or the like.
In contrast, if the Tg exceeds 140° C., then there is a possi-
bility that the moldability and heat sealing properties of the
multilayered body may deteriorate. In this description, the
glass transition temperature refers to the value measured in
accordance with JIS K 7121 using a differential scanning
calorimeter (hereafter abbreviated as DSC), and is typically
included in the catalogs and technical information provided
by the manufacturer.

The Tg of the cyclic polyolefin can be adjusted arbitrarily
using a method in which those cyclic polyolefins among a
plurality of cyclic polyolefins that exhibit favorable compat-
ibility are mixed together in an appropriate ratio. The level of
compatibility of a mixture of cyclic polyolefins can be ascer-
tained by using a DSC to measure the Tg of the mixture. In the
case of a mixture of favorable compatibility, only a single Tg
is observed, whereas in those cases where the compatibility is
not particularly favorable, a plurality of Tg are observed. A
mixture of favorable compatibility is preferred, as it is
capable of offering a combination of a level of heat resistance
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capable of withstanding the targeted high-pressure steam
sterilization temperature, and favorable moldability.

Although the innermost layer 11 is composed of a cyclic
polyolefin, it may also include typical amounts of any of the
additives generally used in the resins field, such as antistatic
agents, antioxidants, lubricants, antifogging agents, ultravio-
let absorbers and neutralizing agents, provided inclusion of
these additives does not impair the effects of the present
invention.

The intermediate layer 12 is formed adjacently to the inner-
most layer 11 described above, is produced using a single-site
catalyst typified by a metallocene catalyst, and contains a
linear low-density polyethylene (hereafter also abbreviated as
LLDPE) with a density of not less than 0.860 g/cm> but less
than 0.940 g/cm> as the main component. Here, the expres-
sion “main component” indicates an amount of at least 50%
by weight.

This type of LLDPE produced using a single-site catalyst
exhibits excellent adhesion to cyclic polyolefins, and suffers
minimal deterioration in adhesiveness even when exposed to
conditions of high temperature and high humidity during
high-pressure steam sterilization. Accordingly, by providing
this type of intermediate layer 12 containing an LL.DPE as the
main component adjacently to the innermost layer 11 com-
posed of the cyclic polyolefin, other layers can be bonded in
a favorable and stable manner via this intermediate layer 12.
Further, an LLDPE produced using a single-site catalyst
exhibits excellent transparency, and suffers minimal deterio-
ration in this transparency even when exposed to conditions
of high temperature and high humidity. For these reasons, a
multilayered body 10 provided with this type of intermediate
layer 12 is ideal for the formation of medical containers that
require sterilization using high-pressure steam.

Any LLDPE product prepared using a single-site catalyst
and having a density of not less than 0.860 g/cm® but less than
0.940 g/cm® can be used favorably, although of such products,
the use of an LLDPE having a density within a range from
0.900 to 0.917 g/cm? is preferred, as it yields a multilayered
body 10 and a medical container of superior heat resistance
which suffer absolutely no problems even when sterilized
using high-pressure steam at 121° C., and is also capable of
suppressing any deterioration in the peel strength between the
intermediate layer 12 and the innermost layer 11 when a
medical container formed from the multilayered body 10 is
subjected to sterilization with high-pressure steam. If the
density of the LLDPE is less than 0.860 g/cm?>, then the heat
resistance may deteriorate. In contrast, if the density of the
LLDPE exceeds 0.940 g/cm’, then the transparency and
impact resistance of the container may deteriorate.

Furthermore, a plurality of LLDPEs having different den-
sities may be used in combination as the LLDPE produced
using a single-site catalyst.

Further, among the various LLDPE products produced
using a single-site catalyst, those in which the composition
distribution of the ethylene and the a-olefin, measured by
composition analysis, is broad exhibit excellent workability
and impact resistance, and are therefore preferred. Examples
of commercially available products that exhibit these types of
properties and can be used favorably include the products
HARMOREX (a registered trademark) manufactured by
Japan Polyethylene Corporation, UMERIT (a registered
trademark) manufactured by Ube Industries, Ltd., and
EVOLUE (a registered trademark) manufactured by Prime
Polymer Co., Ltd.

The intermediate layer 12 contains an LLDPE produced
using a single site catalyst as the main component, namely in
an amount of at least 50% by weight, and from the viewpoint
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of achieving favorable flexibility, this amount is preferably at
least 65% by weight, and more preferably 80% by weight or
greater, although the intermediate layer 12 may also contain
other polyethylenes or cyclic polyolefins, provided inclusion
of'these other compounds does not impair the adhesion to the
innermost layer 11. In particular, if a high-density polyethyl-
ene having a density higher than that of the LLDPE produced
using a single-site catalyst is used in combination with the
LLDPE in an amount that is preferably not more than 30% by
weight, and more preferably not more than 25% by weight,
then the heat resistance can be improved, and any deteriora-
tion in the adhesiveness of the intermediate layer 12 caused
by high-pressure steam sterilization can be suppressed. Fur-
ther, combining the LLDPE with other polyethylenes or
cyclic polyolefins in this manner offers another advantage in
that a multilayered body 10 of superior external appearance
can be obtained.

Further, the intermediate layer 12 may also include typical
amounts of any of the additives generally used in the resins
field, such as antistatic agents, antioxidants, lubricants, anti-
fogging agents, ultraviolet absorbers and neutralizing agents,
provided inclusion of these additives does not impair the
effects of the present invention.

The outermost layer 13 becomes the most outside layer
when a medical container is formed from the multilayered
body 10, and contains a high-density polyethylene (hereafter
also abbreviated as HDPE).

By providing a layer containing an HDPE as the outermost
layer 13, the heat resistance of the resulting multilayered
body 10 can be improved, and a medical container can be
formed which suffers minimal deterioration in the properties
of the medical container, such as deformation of the con-
tainer, surface, upon sterilization with high-pressure steam.
Further, in the case of'a film-like multilayered body 10 such as
the example illustrated in FIG. 1, the product is often wound
up into a roll-like form for storage or handling, and providing
alayer containing an HDPE as the outermost layer 13 ensures
that the multilayered body 10 exhibits excellent blocking
resistance.

Any HDPE product having a density within a range from
0.940 to 0.970 g/cm? can be used favorably, although of such
HDPE products, using an HDPE having a density of 0.945 to
0.970 g/cm® enables a multilayered body 10 having superior
levels of heat resistance and blocking resistance to be
obtained. Further, a plurality of HDPEs having different den-
sities may also be used in combination.

The ideal amount of the HDPE within the outermost layer
13 varies depending on the density of the HDPE, but for
example, if the density of the HDPE is within a range from
0.945 to 0.970 g/cm?, then ensuring that the ROPE content
within the outermost layer 13 is at least 20% by weight
enables the formation of a medical container with favorable
heat resistance, which suffers minimal deterioration in the
properties of the container even when sterilized using high-
pressure steam at 121° C. However, in order to achieve amore
stable level of heat resistance and superior blocking resis-
tance, the HDPE content within the outermost layer 13 is
preferably at least 30% by weight, more preferably 70% by
weight or higher, and most preferably 100% by weight.

However, other resins may also be blended into the outer-
most layer 13 for the purpose of enhancing the molding
stability, and in such cases, the HDPE content may be altered
as appropriate. Examples of these other resins include poly-
olefins other than HDPE, and other polyethylene resins such
as linear low-density polyethylene and high-pressure low-
density polyethylene can be used particularly favorably. Of
these, the use of a high-pressure low-density polyethylene in
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combination with the HDPE yields a more significant
improvement in the molding stability of the outermost layer
13. The high-pressure low-density polyethylene preferably
has a density within a range from 0.910 to 0.935 g/cm?, and
more preferably from 0.920 to 0.935 g/cm®.

Further, the outermost layer 13 may also include typical
amounts of any of the additives generally used in the resins
field, such as antistatic agents, antioxidants, lubricants, anti-
fogging agents, ultraviolet absorbers and neutralizing agents,
provided inclusion of these additives does not impair the
effects of the present invention. Furthermore, the outermost
layer 13 may also be subjected to modification such as cross-
linking using an electron beam in order to further improve the
heat resistance.

Although there are no particular limitations on the total
thickness of the multilayered body 10, the thickness is typi-
cally within a range from 60 to 1,000 um, and if factors such
as the flexibility and strength of the multilayered body 10 are
taken into consideration, then the thickness is preferably
within a range from 100 to 600 um, and more preferably from
100 to 400 pum.

Although there are no particular limitations on the thick-
ness of each layer, the thickness of the innermost layer 11 is
preferably within a range from 5 to 100 pum, and the thickness
of the outermost layer 13 is preferably within a range from 5
to 100 um. If the thickness of the innermost layer 11 is less
than 5 pum, then there is a possibility that the medication
contained inside the container may be more readily adsorbed,
whereas if the thickness exceeds 100 um, then the flexibility
of the multilayered body 10 and the heat sealing properties
achievable when a medical container is formed from the
multilayered body 10 may deteriorate. Further, if the thick-
ness of the outermost layer 13 is less than 5 pm, then there is
a possibility that the heat resistance of the multilayered body
10 may deteriorate, whereas if the thickness exceeds 100 um,
then the transparency may deteriorate.

Accordingly, in the case of a multilayered body 10 com-
posed of three layers, the total thickness is preferably set to a
value within a range from 60 to 1,000 the thickness of the
innermost layer 11 is preferably set to 5 to 100 um, and the
thickness of the outermost layer is preferably set to 5 to 100
um, with the remainder being the intermediate layer 12.

In those cases where the multilayered body 10 composed
of'three layers is a film, the thickness of the innermost layer 11
is preferably from 5 to 100 pum, the thickness of the interme-
diate layer 12 is preferably from 50 to 300 pm, and the
thickness of the outermost layer is preferably from 5 to 100
pm.
As described above, the multilayered body 10 illustrated in
FIG. 1 is composed of three layers in which the innermost
layer 11 composed of a cyclic polyolefin and the outermost
layer 13 containing an HDPE are bonded favorably together
with the intermediate layer 12 disposed therebetween, and
although this structure has satisfactory properties for use as a
multilayered body 10 for a medical container, one or more
additional layers may be provided between the intermediate
layer 12 and the outermost layer 13, generating a multilayered
body of four layers or more, in order to impart other additional
properties to the structure. Examples of these additional lay-
ers include a gas barrier resin layer formed from an ethylene-
vinyl alcohol copolymer or the like, an adhesive resin layer
formed from an ethylene-vinyl acetate copolymer or the like,
an ultraviolet blocking layer formed from an iron oxide-
containing polyolefin resin or the like, or an oxygen absorb-
ing layer formed from a cobalt salt and a polyamide resin such
as an MXD nylon obtained from xylylenediamine and an
a,m-linear aliphatic dibasic acid such as adipic acid.
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Further, the configuration of the multilayered body need
not necessarily be a film-like multilayered body 10 such as
that illustrated in FIG. 1, and as described in further detail
below, may also adopt a three-dimensional shape of multilay-
ered body such as a blow-molded body, which is molded
using a multilayer blow molding method (multilayer hollow
molding method).

A medical container of the present invention includes a
holding portion for holding a medical fluid, wherein at least
the holding portion is formed from the multilayered body
described above. The multilayered body is disposed so that
the innermost layer forms the inside surface of the holding
portion, and the outermost layer forms the outside surface.
Further, besides the holding portion, the medical container
typically includes a port section that acts as the port for
injecting and extracting a medical fluid.

Specific examples of the medical container of the present
invention are described below with reference to the drawings.

FIG. 2 represents a medical container 20 in which a holding
portion 21 and a port section 22 are molded in an integrated
manner by a multilayer blow molding method. The upper
portion of this medical container 20 acts as a suspension
portion 23 that has a suspension hole formed therein, whereas
the lower port section 22 is sealed by insertion of a rubber
plug 22a, which is prepared by using an injection molding
method to provide a layer of a synthetic resin that can be
welded to the innermost layer 11 around the outer periphery
on the sides of a circular cylindrically shaped rubber material
through which an injection needle is able to be thrust.

This medical container 20 can be produced by a typical
multilayer blow molding method using a multilayer blow
molding apparatus. In other words, a multilayer parison is
extruded and then sandwiched within a molding die, and
clean air is then blown into the multilayer parison. By using a
molding die that is capable of molding the holding portion 21
and the port section 22 in an integrated manner, the medical
container 20 illustrated in FIG. 2 can be formed from ahollow
blow-molded body. Further, when sandwiching the multi-
layer parison within the molding die, by conducting a pre-
blow in advance using clean air, and then, following closing
of'the molding die, placing the inside of the molding die under
negative pressure using vacuum holes provided in the mold-
ing die, the transfer precision of the molding die can be
improved.

Other possible methods for forming the port section,
besides the multilayer blow molding method described above
in which the port section is formed in an integrated manner
with the holding portion, include methods such as that illus-
trated in FIG. 3 and described below, in which a separately
prepared cylindrical member is affixed to the holding portion
by heat sealing, and methods in which a cylindrical member
is provided as an insert in an insert blow molding method, and
integrated with the holding portion at the same time as the
molding process. In those cases where this type of cylindrical
member is used, then in addition to those configurations
where a rubber plug 22« is inserted into the cylindrical mem-
ber to seal the container, another possible configuration,
which is described below in further detail with reference to
FIG. 3(B), involves inserting a rubber plug into the cylindrical
member, clamping the periphery of the rubber plug with a
ring-shaped lid member, and then using ultrasound or the like
to weld the lid member and the cylindrical member together.

FIG. 3(A) illustrates a medical container 30 formed from a
holding portion 31 that has been formed by hot-plate molding
of'a film, and a port section 32, which is a cylindrical member
that can be sealed by subjecting a rubber plug 324 to heat
sealing. The holding portion 31 of'this medical container 30 is
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formed by superimposing two film molded articles 10' illus-
trated in FIG. 4, and then heat sealing the peripheral portions
33 of those two molded articles.

In other words, when producing this medical container 30,
first, a hot-plate molding method such as vacuum molding or
air pressure molding is used to form film-like multilayered
bodies 10 such as that illustrated in FIG. 1 having a concave
depression in the central region of the film that matches the
internal shape of the holding portion 31, thus yielding the
types of film molded articles 10' illustrated in FIG. 4. Subse-
quently, having prepared two of these film molded articles
10", the items are superimposed with the concave depressions
facing each other. Then, with the cylindrical member posi-
tioned in a predetermined location, the peripheral portions of
the two film molded articles 10' are heat sealed. The heat
sealing temperature varies depending on the total thickness of
the multilayered body 10, and although there are no particular
limitations, is preferably within a range from approximately
150 to 280° C. Further, following heat sealing, the peripheral
portions may be trimmed if necessary. By employing this type
of' method, formation of the holding portion 31 and formation
of'the port section 32 by heat sealing of the cylindrical mem-
ber occur simultaneously, enabling production of the medical
container 30 illustrated in FIG. 3(A).

Formation of the holding portion 31 and formation of the
port section 32 may also be performed in separate steps.

The material for the cylindrical member used in forming
the port section 32 is preferably the same cyclic polyolefin as
that used for the innermost layer 11 of the multilayered body
10, as this yields more favorable heat sealing with the holding
portion 31. However, the material is not limited to a cyclic
polyolefin, provided a liquid-tight heat seal can be achieved
with the holding portion 31, and for example, LLDPE prod-
ucts produced using a single-site catalyst or materials having
the same composition as the intermediate layer 12 may also
be used. Further, a multilayered material that uses a heat
sealable resin on the surface of the cylindrical member that is
subjected to heat sealing may also be used. An alternative to
forming the port section 32 from the cylindrical member and
the rubber plug 32a is illustrated in FIG. 3(B), and involves
inserting a rubber plug 3256 into the cylindrical member,
clamping the periphery of the rubber plug 326 with a ring-
shaped lid member 32¢, and then using ultrasound or the like
to weld the lid member 32¢ and the cylindrical member
together.

FIG. 5 illustrates a so-called film bag medical container 40
that includes a holding portion 41 composed of a film-like
multilayered body 10 such as that illustrated in FIG. 1 formed
in the shape of a bag, and a port section 42 formed from a
cylindrical member.

The medical container 40 of this example uses a multilay-
ered body that has been formed in a cylindrical shape by a
multilayer inflation method or the like, and can be produced
by heat sealing both end sections of the multilayered body to
from a holding portion 41, heat sealing a cylindrical member
at a predetermined location at one of the end sections to form
a port section 42, and forming a suspension portion at the
other end section. The heat sealing of the two end sections,
and the heat sealing of the cylindrical member may be con-
ducted either simultaneously or in separate steps. Further,
instead of using the cylindrical multilayered body mentioned
above, two multilayered bodies 10 such as those illustrated in
FIG. 1 may be used, and in such a case, the two multilayered
bodies are superimposed, and the peripheral portions are then
heat sealed to form the holding portion.

Furthermore, the port section 42 in this example is sealed
by a cylindrical member that is formed from a cyclic poly-
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olefin or an LLDPE produced using a single-site catalyst, a
rubber plug 424 through which an injection needle is able to
be thrust, and a ring-shaped lid member 425 that clamps the
periphery of the rubber plug 42a.

In the medical containers described above, at least the
holding portion is formed from a multilayered body that
includes an innermost layer composed of a cyclic polyolefin,
an intermediate layer that contains, as the main component, a
linear low-density polyethylene produced using a single-site
catalyst, and an outermost layer that contains a high-density
polyethylene, and therefore each of the layers bond together
favorably, and the medical container has favorable sanitation
properties and excellent heat resistance, and suffers minimal
deterioration in properties such as the transparency and peel
strength even when sterilized using high-pressure steam.

The medical container is not limited to configurations con-
taining a single holding portion, and for example, as illus-
trated in FIG. 6, a multiple-chamber medical container 50
may be formed in which the holding portion 51 is partitioned
into a plurality of sections by a partitioning seal 52 that can be
used to interconnect the plurality of section and a plurality of
medical liquids can then be held separately in the respective
sections.

In the multiple-chamber medical container 50 illustrated in
FIG. 6, the partitioning seal 52 is formed so as to extend
widthwise across the bag-like holding portion 51, thereby
dividing the holding portion 51 into a first holding section 51a
and a second holding section 515. When the multiple-cham-
ber medical container 50 is used, the partitioning seal 52 can
be broken by the user applying external pressure to either the
first holding section 51a or the second holding section 515,
thus enabling mixing of the medical liquid inside the first
holding section 51a and the medical liquid inside the second
holding section 515.

There are no particular limitations on the method used for
forming the partitioning seal 52, and for example in those
cases where heat sealing is performed during the formation of
the holding portion 51, the partitioning seal 52 may be formed
at the same time by heat sealing. Further, the partitioning seal
52 may also be formed in a separate step using a conventional
sealing method other than heat sealing, such as impulse seal-
ing. Moreover, in those cases where the holding portion 51 is
produced by blow molding, a body that forms the partitioning
seal 52 may be provided within the molding die used during
blow molding, so that the partitioning seal 52 can be formed
at the same time as the blow molding.

Moreover, although not illustrated in the drawings, if nec-
essary, the medical container of the present invention may
include a light-shielding layer for protecting the medical lig-
uid, with this light-shielding layer being provided on the
outside of the container, and particularly on the outside of the
holding portion. Examples of materials that can be used
favorably as this light-shielding layer include metal foils such
as aluminum foil, aluminum vapor deposition films, lami-
nated films composed of a metal foil and a synthetic resin
film, and synthetic resin films containing a pigment. Of these
light-shielding layers, an aluminum foil or aluminum vapor
deposition film exhibits not only favorable light-shielding
properties, but also has favorable moisture-proofing, oil resis-
tance and water absorption resistance properties, and is there-
fore preferable in terms of enhancing the long-term storage
properties of the medical liquid contained inside the medical
container. Further, this light-shielding layer may be provided
in such a manner that enables the layer to be pecled away from
the medical container, meaning the medical liquid can still be
viewed from externally during use of the medical container.
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In the preceding description, a medical liquid was used as
an example of the medication contained inside the medical
container of the present invention, but a medication that is not
a medical liquid, but is rather formed from a powder formu-
lation such as an antibiotic, may also be used. Furthermore,
specific examples of the medical liquid include medical liq-
uids used as injectable solutions such as contrast agents,
antimicrobial agents, physiological saline solutions and cir-
culatory system medications, although this is not limited
thereto.

EXAMPLES

A more detailed description of the present invention is
presented below based on a series of examples, although the
present invention is in no way limited by the examples
described below.

Example 1

A medical container 20 illustrated in FIG. 2 and filled with
100 m1 of ' water was produced in the manner described below.

First, amultilayer blow molding method using a multilayer
blow molding apparatus was used to integrally mold a hold-
ing portion 21 and a port section 22 from a blow-molded body
with a three-layered structure containing an innermost layer
of thickness 30 um, an intermediate layer of thickness 250
um, and an outermost layer of thickness 20 pm laminated in
this order. Subsequently, the inside of the holding portion 21
was filled with 100 ml of water via the port section 22, and a
rubber plug 224 was then heat sealed within the port section
22 to seal the medical container 20. The rubber plug 22a was
prepared by using an injection molding method to provide a
layer composed of a cyclic polyolefin “ZEONEX” (manufac-
tured by Zeon Corporation) (hereafter referred to as “COP1”)
having a melt flow rate (hereafter abbreviated as “MFR”,
wherein the loading during MFR measurements was 21.18 N
in all of the examples and comparative examples) determined
at 280° C. in accordance with ISO 1133 of 17 g/10 min, and
a glass transition temperature of 136° C. around the outer
periphery of a rubber plug.

For the innermost layer, a cyclic polyolefin mixture con-
taining COP1 and a cyclic polyolefin “ZEONOR 1020R”
(manufactured by Zeon Corporation) (hereafter referred to as
“COP2”) having an MFR determined at 280° C. in accor-
dance with ISO 1133 of 20 g/10 min, and a glass transition
temperature of 102° C. blended in a weight ratio of 1:1 was
used. Only a single Tg was observed for this mixed cyclic
polyolefin, and the Tg was 119° C.

For the intermediate layer, a mixture containing “HAR-
MOREX” (manufactured by Japan Polyethylene Corpora-
tion), which is an LLDPE produced using a single-site cata-
lyst (hereafter also referred to as a “single-site LLDPE”) and
having an MFR at 190° C. of 1 g/10 min and a density 0f0.906
g/em?, and “NOVATEC” (manufactured by Japan Polyethyl-
ene Corporation), which is an HDPE having an MFR at 190°
C. of3.5 g/10 min and a density of 0.956 g/cm®, blended in a
weight ratio of 8:2 was used.

For the outermost layer, the HDPE “NOVATEC” (manu-
factured by Japan Polyethylene Corporation) having an MFR
at 190° C. of 3.5 g/10 min and a density of 0.955 g/cm® was
used.

The water-filled medical container 20 of FIG. 2 obtained in
this manner was subjected to a high-pressure steam steriliza-
tion for 30 minutes at 121° C. using a spray-type high-pres-
sure steam sterilizer, and the properties of the container
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before and after the sterilization were evaluated using the
methods described below. The results of the evaluations are
shown below in the tables.

In the examples and comparative examples, evaluations of
the blocking resistance and the molding stability were only
performed in those cases where a film was molded to form the
holding portion, and were not performed in examples such as
example 1 where the holding portion was formed by multi-
layer blow molding.

(Evaluation Methods)
(1) Blocking Resistance

Two multilayered bodies of dimensions 10 cmx10 cm were
superimposed so that the outermost layers of the two bodies
made contact, a loading of 98 N/100 cm? was applied, and the
bodies were held in this state for 24 hours at 60° C. Subse-
quently, the bodies were cooled to room temperature, and
following removal of the loading, the two films were peeled
apart. The ease of this peeling was evaluated using the two
levels listed below.

O: peeling occurred easily

x: there was resistance to peeling
(2) Peel Strength

Strip samples S of width 15 mm were cut from the medical
container before and after the high-pressure steam steriliza-
tion, and as illustrated schematically in FIG. 7(A), the T-peel
strength between the innermost layer 11 and the intermediate
layer 12 was measured in accordance with JIS K 6854-3 ata
tensile speed of 300 min/min. This test was conducted using
a tensile tester. In the figure, the symbols P represent the
chucks of the tensile tester.

In order to achieve the state illustrated in FIG. 7(A), where
only the innermost layer 11 of the sample S has been ruptured
at the rupture portion V, first, as illustrated in the plan view of
FIG. 7(B), notches C are inserted in two opposing positions
on the widthwise edges of the sample S cut from the medical
container, and the sample S is then pulled in the lengthwise
direction, as indicated by the arrows shown in FIG. 7(B). This
pulling enables a sample to be obtained in which only the
innermost layer 11 has been completely ruptured at the posi-
tion of the notches C, while the other layers remain intact.
Accordingly, by subsequently setting the sample in the tensile
tester as illustrated in FIG. 7(A), the peel strength at the
interface between the innermost layer 11 and the intermediate
layer 12 can be measured.

(3) Transparency

The haze before and after the high-pressure steam steril-
ization was measured in accordance with JIS K 7136.

(4) Heat Resistance

The medical container was mounted on a punched metal
tray having circular holes formed therein and subjected to
high-pressure steam sterilization using a spray-type high-
pressure steam sterilizer, and the external appearance of the
medical container was then evaluated visually.

O: no deformation or shrinkage was observed following

sterilization.

A: slight deformation and/or shrinkage such as surface
roughness was observed.

x: deformation and/or shrinkage was significant, and
impressions from the circular holes in the tray were
formed in the container.

(5) Molding Stability

The shape stability of a tube-shaped film during inflation
molding, and the level of occurrence of wrinkles in the film
were evaluated.

O: the tube shape remained uniform, and no wrinkles were

observed in the film.
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x: the tube shape was unstable, and fluctuations occurred in
the tube diameter. Wrinkles were observed in some por-
tions of the film.

Example 2

A medical container 20 was prepared in the same manner
as example 1, with the exceptions of altering the composition
of the outermost layer and the configuration of the port sec-
tion 22.

For the outermost layer, a mixture containing a high-pres-
sure low-density polyethylene “NOVATEC” (manufactured
by Japan Polyethylene Corporation) having an MFR at 190°
C. of 1.1 g/10 min and a density of 0.927 g/cm>, and a
high-density polyethylene “NOVATEC” (manufactured by
Japan Polyethylene Corporation) having an MFR at 190° C.
0f3.5 g/10 min and a density of 0.956 g/cm® dry-blended ina
weight ratio of 7:3 was used.

The port section 22 was produced by heating, in a pre-
heated molding die set to a temperature of 250° C., a cylin-
drical member formed from a cyclic polyolefin produced by
injection molding, subsequently inserting the cylindrical
member inside the port section 22 of the holding portion 21
formed from the blow-molded body illustrated in FI1G. 2, and
then performing heat sealing at 220° C. Further, following
filling of the container with 100 ml of water, a rubber plug was
inserted in the cylindrical member, a ring-shaped lid member
was positioned so as to clamp the periphery of the rubber
plug, and the cylindrical member and the lid member were
then subjected to ultrasonic welding. COP1 was used for the
cylindrical member and the lid member. The container was
then evaluated in the same manner as example 1. The results
are shown in the tables.

Example 3

With the exception of using only COP2 in forming the
innermost layer, a medical container 20 was obtained and
then evaluated in the same manner as example 1. The results
are shown in the tables.

In this example, for the rubber plug 22a, a plug prepared by
using an injection molding method to provide a layer com-
posed of the LLDPE used in the intermediate layer around the
outer periphery of the rubber plug was used.

Example 4

With the exception of using only a single-site LLDPE
“HARMOREX?” (manufactured by Japan Polyethylene Cor-
poration) having an MFR at 190° C. of 3.5 /10 min and a
density of 0.918 g/cm’ during formation of the intermediate
layer, a medical container 20 was obtained and then evaluated
in the same manner as example 3. The results are shown in the
tables.

In this example, for the rubber plug 22a, a plug prepared by
using an injection molding method to provide a layer com-
posed of the LLDPE used in the intermediate layer around the
outer periphery of the rubber plug was used.

Example 5

With the exception of using only a single-site LLDPE
“UMERIT” (manufactured by Ube Industries, Ltd.) having
an MFR at 190° C. of 4.0 g/10 min and a density of 0.931
g/cm’® during formation of the intermediate layer, a medical
container 20 was obtained and then evaluated in the same
manner as example 3. The results are shown in the tables.
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In this example, for the rubber plug 224, a plug prepared by
using an injection molding method to provide a layer com-
posed of the LLDPE used in the intermediate layer around the
outer periphery of the rubber plug was used.

Example 6

With the exception of using, for forming the intermediate
layer, a mixture containing a single-site LLDPE “UMERIT
0520F” (manufactured by Ube Industries, Ltd.) having an
MFR at 190° C. of 2.0 ¢/10 min and a density 0£0.904 g/cm®,
and a HDPE “NOVATEC” (manufactured by Japan Polyeth-
ylene Corporation) having an MFR at 190° C. of 3.5 g/10 min
and a density of 0.956 g/cm® blended together in a weight
ratio of 8:2, a medical container 20 was obtained and then
evaluated in the same manner as example 1. The results are
shown in the tables.

In this example, for the rubber plug 224, a plug prepared by
using an injection molding method to provide a layer com-
posed of COP1 around the outer periphery of the rubber plug
was used.

Example 7

A medical container 30 illustrated in FIG. 3 and filled with
100 ml of ' water was produced in the manner described below.

First, a multilayer inflation molding method using a mul-
tilayer inflation film molding apparatus was used to produce
a three-layered inflation film composed of an innermost layer
of thickness 10 um, an intermediate layer of thickness 220
um, and an outermost layer of thickness 20 pm laminated in
this order.

Subsequently, a film segment obtained by cutting the infla-
tion film was softened by radiation heating with a heater set to
a temperature of 300° C., and the film segment was then
molded in a vacuum molding device employing an ambient
temperature molding die, thereby yielding the film molded
article 10' illustrated in FIG. 4.

Two of these film molded articles 10' were then superim-
posed with the concave depressions facing each other, the
peripheral portions of the two film molded articles were heat
sealed, and a cylindrical member prepared by injection mold-
ing of a cyclic polyolefin was then heat sealed to form the port
section 32.

Following filling of the holding portion 31 with 100 ml of
water via the port section 32, a rubber plug 326 was inserted
in the cylindrical member, a ring-shaped lid member 32¢ was
then positioned so as to clamp the periphery of the rubber plug
32b, and the cylindrical member and the lid member 32¢ were
then subjected to ultrasonic welding, as illustrated in FIG.
3(B). COP1 was used for the cylindrical member and the lid
member 32c.

The innermost layer, the intermediate layer and the outer-
most layer were each produced using the same resins as those
described in example 1.

The sealed medical container 30 was then evaluated. The
results are shown in the tables.

Example 8

A medical container 40 illustrated in FIG. 5 and filled with
100 ml of ' water was produced in the manner described below.

First, an inflation film with a three-layered structure was
produced in the same manner as example 7.

Subsequently, both end portions of this inflation film were
heat sealed to form a bag, and a cylindrical member prepared
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by injection molding of COP2 was heat sealed at one end of
the bag, thus forming a port section 42 at one end of the film
bag-type holding portion 41.

Following filling of the holding portion 41 with 100 ml of
water via the port section 42, a rubber plug 42a was inserted
in the cylindrical member, a ring-shaped lid member 426 was
positioned so as to clamp the periphery of the rubber plug
42a, and the cylindrical member and the 1id member 425 were
then subjected to ultrasonic welding. COP1 was used for the
cylindrical member and the lid member 425.

The sealed medical container 40 was then evaluated. The
results are shown in the tables.

Example 9

With the exception of using, for the outermost layer, a
mixture containing a high-pressure low-density polyethylene
“NOVATEC” (manufactured by Japan Polyethylene Corpo-
ration) having an MFR at 190° C. of 1.1 g/10 min and a
density of 0.927 g/cm®, and a high-density polyethylene
“NOVATEC” (manufactured by Japan Polyethylene Corpo-
ration) having an MFR at 190° C. of 3.5 g/10 min and a
density of 0.956 g/cm® blended in a weight ratio of 7:3, a
medical container 40 was obtained and then evaluated in the
same manner as example 8. The results are shown in the
tables.

Example 10

With the exception of using, for the outermost layer, a
mixture containing a linear low-density polyethylene
“NOVATEC” (manufactured by Japan Polyethylene
Corporation) produced using a Ziegler catalyst and hav-
ing an MFR at 190° C. 0f 2.0 g/10 min and a density of
0.936 gf/cm3, and a high-density polyethylene
“NOVATEC” (manufactured by Japan Polyethylene
Corporation) having an MFR at 190° C. of 3.5 g/10 min
and a density of 0.956 g/cm3 blended in a weight ratio of
7:3, amedical container 40 was obtained and then evalu-
ated in the same manner as example 8. The results are
shown in the tables.

Comparative Example 1

With the exception of altering the main component of the
intermediate layer from the single-site LLDPE used in
example 1 to an LLDPE (manufactured by Japan Polyethyl-
ene Corporation) produced using a Ziegler catalyst and hav-
ing an MFR at 190° C. of 1.1 g/10 min and a density of 0.906
g/cm?, a medical container was molded and then evaluated in
the same manner as example 1. The results of the evaluations
are shown in the tables.

Comparative Example 2

With the exception of using, for forming the intermediate
layer, only an LLDPE “MORETEC” (manufactured by Prime
Polymer Co., [td.) produced using a Ziegler catalyst and
having an MFR at 190° C. of 2.0 g/10 min and a density of
0.920 g/cm®, a medical container was molded and then evalu-
ated in the same manner as example 1. The results of the
evaluations are shown in the tables.

Comparative Example 3

With the exception of not forming the outermost layer, and
simply employing a two-layered structure composed of the
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innermost layer and the intermediate layer, a medical con-
tainer was molded and then evaluated in the same manner as
example 1. The results of the evaluations are shown in the
tables.

Comparative Example 4

With the exception of altering the material used in forming
the outermost layer from the HDPE used in example 1 only to
an LLDPE “MORETEC” (manufactured by Prime Polymer
Co., Ltd.) produced using a Ziegler catalyst and having an
MEFR at 190° C. of 2.0 g/10 min and a density 0of 0.920 g/cm?,

10

18

a medical container was molded and then evaluated in the
same manner as example 1. The results of the evaluations are
shown in the tables.

Comparative Example 5

With the exception of altering the material used in forming
the outermost layer from the HDPE used in example 1 to an
LLDPE “MORETEC” (manufactured by Prime Polymer Co.,
Ltd.) produced using a Ziegler catalyst and having an MFR at
190° C. of 2.0 g/10 min and a density of 0.920 g/cm®, a
medical container was molded and then evaluated in the same
manner as example 8. The results of the evaluations are shown
in the tables.

TABLE 1

Example 1 Example 2 Example3 Example4 Example5

Molding method blow blow blow blow blow
Blocking resistance — — — — —
Peel strength Before high-pressure 25 24 26 24 23
[N/15 mm)] sterilization
After high-pressure 26 25 26 12 10
sterilization
Transparency  Before high-pressure 25 22 27 24 27
[%] sterilization
After high-pressure 31 29 32 29 36
sterilization
Heat resistance o o A o o
slight tray
impressions
Molding stability — — — — —
Example 6 Example 7 Example 8 Example 9 Example 10
Molding method blow vacuum film film film
molding
Blocking resistance — — o o o
Peel strength Before high-pressure 25 25 25 24 25
[N/15 mm)] sterilization
After high-pressure 26 25 26 25 25
sterilization
Transparency  Before high-pressure 25 12 10 8 8
[%] sterilization
After high-pressure 31 16 14 12 11
sterilization
Heat resistance o o o o
Molding stability — X X o o
TABLE 2
Comparative Comparative Comparative Comparative Comparative
example 1 example 2 example 3 example 4 example 5
Molding method blow blow blow blow film
Blocking resistance — — — — X
Peel strength Before high-pressure 25 20 25 26 26
[N/15 mm) sterilization
After high-pressure 10 5 25 26 26
sterilization
Transparency  Before high-pressure 34 38 22 23 8
[%] sterilization
After high-pressure 42 50 Large deformation  Large deformation  Large deformation
sterilization Measurement Measurement Measurement
impossible impossible impossible
Heat resistance o o X X X

Molding stability

tray impressions,

large deformation
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In examples 1 to 3 and 6 to 10, where a single site LLDPE
was used as the main component of the intermediate layer,
and this LLDPE was used in combination with an HDPE,
medical containers were obtained which not only exhibited
excellent heat resistance, but for which any reductions in the
peel strength and transparency caused by the high-pressure
steam sterilization were suppressed. In contrast, in the case of
the medical container obtained in comparative example 1, in
which a Ziegler LLDPE was used in combination with an
HOPE, the reductions in peel strength and transparency
caused by the high-pressure steam sterilization were signifi-
cant. Comparison of examples 4 and 5 in which only a single
site LLDPE was used for the intermediate layer, and com-
parative example 2 in which only a Ziegler LLDPE was used
for the intermediate layer, revealed a similar trend.

In comparative example 3, in which an outermost layer was
not provided, not only did the high-pressure steam steriliza-
tion cause a large reduction in the transparency, but the heat
resistance was also poor. Even in comparative examples 4 and
5, in which the outermost layer did not include an HDPE,
similar trends to comparative example 3 were observed. In
examples 9 and 10, in which a high-pressure low-density
polyethylene was used in combination with an HDPE as the
components for the outermost layer, the molding stability was
superior to that observed for examples 7 and 8 in which the
outermost layer contained only HDPE.

Moreover, the blocking resistance of the film in example 8
was favorable, whereas the blocking resistance in compara-
tive example 5 was poor.

Industrial Applicability

The present invention is able to provide a multilayered
body for medical containers, in which the innermost layer
formed from a cyclic polyolefin exhibits favorable adhesion
to another layer without using an adhesive, which exhibits
excellent heat resistance, and which provides favorable
blocking resistance when formed as a film, as well as provid-
ing a medical container formed from this multilayered body
for medical containers, which suffers minimal deterioration
in properties such as transparency and peel strength even
when subjected to sterilization with high-pressure steam or
the like. Accordingly, the present invention is very useful
from an industrial perspective.

The invention claimed is:

1. A multilayered body for medical containers used in
forming a medical container, comprising at least

an innermost layer composed of a cyclic polyolefin,

an intermediate layer which is formed adjacently to said

innermost layer and comprises, as a main component, a
linear low-density polyethylene produced using a
single-site catalyst, and

an outermost layer containing a high-density polyethylene,

wherein said cyclic polyolefin is a hydrogenated product of

a ring-opening polymer of a cyclic olefin monomer and
the body has a total thickness within a range from 60 to
1,000 pum, and is composed of three layers consisting of
said innermost layer having a thickness of 5 to 100 pum,
said intermediate layer, and said outermost layer having
a thickness of 5 to 100 pm.

2. The multilayered body for medical containers according
to claim 1, wherein a density of said linear low-density poly-
ethylene is not less than 0.860 g/cm’but less than 0.940
g/em’.
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3. The multilayered body for medical containers according
to claim 1, wherein a density of said high-density polyethyl-
ene is within a range from 0.940 to 0.970 g/cm®.

4. The multilayered body for medical containers according
to claim 1, wherein said outermost layer is a mixture of said
high-density polyethylene and a high-pressure low-density
polyethylene.

5. The multilayered body for medical containers according
to claim 1, wherein said outermost layer is composed solely
of said high-density polyethylene.

6. A medical container comprising a holding portion for
holding a medical fluid, wherein at least said holding portion
is formed from a multilayered body for medical containers
according to claim 1.

7. The medical container according to claim 6, wherein
said multilayered body for medical containers is a blow-
molded body.

8. The medical container according to claim 6, wherein
said multilayered body for medical containers is a film, and

said holding portion is prepared by hot-plate molding of said
film.

9. The medical container according to claim 6, wherein
said multilayered body for medical containers is a film, and
said holding portion is prepared by forming said film as a bag.

10. The multilayered body for medical containers accord-
ing to claim 1, wherein said innermost layer consists of a
cyclic polyolefin.

11. The multilayered body for medical containers accord-
ing to claim 1, wherein the intermediate layer comprises a
linear low-density polyethylene produced using a single-site
catalyst in an amount of at least 50% by weight.

12. The multilayered body for medical containers accord-
ing to claim 1, wherein the intermediate layer comprises a
linear low-density polyethylene produced using a single-site
catalyst in an amount of at least 65% by weight.

13. The multilayered body for medical containers accord-
ing to claim 1, wherein said intermediate layer comprises said
linear low-density polyethylene produced using a single-site
catalyst in an amount of at least 80% by weight.

14. The multilayered body for medical containers accord-
ing to claim 1, wherein said outermost layer comprises said
high-density polyethylene in an amount of at least 70% by
weight.

15. The multilayered body for medical containers accord-
ing to claim 1, wherein the glass transition temperature of the
cyclic polyolefin is within a range from 70 to 180° C.

16. The multilayered body for medical containers accord-
ing to claim 1, wherein the glass transition temperature of the
cyclic polyolefin is within a range from 100 to 140° C.

17. The multilayered body for medical containers accord-
ing to claim 1, wherein a density of said linear low-density
polyethylene is within a range from 0.900 to 0.917 g/cm’.

18. The multilayered body for medical containers accord-
ing to claim 1, wherein the intermediate layer further com-
prises a high-density polyethylene.

19. The multilayered body for medical containers accord-
ing to claim 1, wherein the multilayered body consists of the
innermost layer, the intermediate layer, and the outermost
layer.



